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(57) ABSTRACT

An 1integrated platform assembled with different electrical
cabinets and components mounted on a framework 1n order to
provide a complete datacenter critical power distribution
package. The integrated platform supports the weight of cabi-
net enclosures and UPSs mounted onto a skeletal framework,
which acts as an equipment support structure and a cable
routing support system. Main and redundant power supply
wiring 1s routed along the skeletal framework to and between
the cabinet enclosures and the UPSs mounted thereon. Elec-
trical connections between the cabinets are iternally con-
nected via bus bars as switchgear cabinets. The skeletal
framework has top and bottom rails run substantially parallel
to each other with cross bars connecting the top and bottom
rails and a top horizontal surface to which one or more of the
cabinet enclosures are mounted. The skeletal framework and
cabinet enclosures are fabricated prior to installation and
installed as a monolithic pre-wired pre-assembled integrated
platiorm.

20 Claims, 10 Drawing Sheets
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start >
'

A method for an integrated platform assembled with different electrical cabinets and
components mounted on framework of the platform in order to provide a complete data
500 center critical power distribution package

!

Constructing a monolithic, pre-wired, pre-engineered, and pre-assembled integrated
> platform for the critical power supply and electrical distribution system

!

Using a skeletal framework of the integrated platform to act as anh equipment support
504 structure as well as a cable routing support system

Supporting the weight of two or more cabinet enclosures and two or more
uninterruptable power supplies mounted onto the skeletal framework that includes a
main power supply input breaker housed in a first cabinet enclosure mounted to the
skeletal framework, and a power distribution output panel. housed in a second cabinet
enclosure mounted to the skeletal framework, to supply to power electrical loads. The
main and backup uninterruptable power supplies (UPSs) are also mounted onto the
skeletal framework, where electrical connections between the two or more cabinets are
internally connected via bus bars as switchgear cabinets. The skeletal framework of the
integrated platform has top and bottom rails run substantially parallel to each other with
cross bars connecting the top and bottom rails to form the skeletal framework of the
integrated platform. The skeletal framework having a top horizontal surface to which
one or more of the cabinet enclosures mount to. The skeletal framework and the cabinet

enclosures are fabricated in place prior to the integrated platform being installed and are
508 installed as the monolithic, pre-wired, pre-assembled integrated platform.

'

The main and backup UPS are electrically connected in parallel and a static switch cabinet
contains electrical equipment to ensure instantaneous switchover from one UPS to the
other in an event of a power failure of the one UPS, as well as the second cabinet
contains a maintenance bypass switch that routes power to the electrical loads
connected to the power distribution output panel when both the main UPS and the

208 backup UPS are electrically isolated from the power distribution output panel

v
Figure 7A Cont. >
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The main UPS and the backup UPS are both transistor-based and have no
transformer on their output. These transistor-based uninterruptible power supplies
electrically and mechanically connect into the series of electrical switch gear

cabinets, all of which are mounted onto the framework of the integrated platform
510

Power from a utility power grid comes in through a main step down transformer
via one or more circuit breakers in a main switch board cabinet to power
mechanical cooling power loads for a data center and via additional circuit
breakers to supply power through the main and backup UPS's, and the main and
backup UPS's supply critical power to computer equipment power distribution
loads for the data center via further circuit breakers in the power distribution

output panel. 912

'

A main switch board cabinet on the platform has one or more electrical
connections, including a first electrical connection and associated circuit breaker
to receive power cables coming from a main generator acting as the back up AC
power source and a second electrical connection and associated circuit breaker

coming from the step down transformer connected to power lines of the utility
214 electrical power grid

v

Each wall section forming the first hardened building containing the first modular-
critical-power-distribution skid and each wall section forming the second hardened
building containing the second modular-critical-power-distribution skid has
reinforced framework to meet Miami-Dade County standards to withstand up to
149 mph winds and a 1.5 seismic importance factor. The wall sections forming the
hardened buildings are connected to a foundation. The first hardened building

516 bridges with a mechanical platforr to the second hardened building.

'

Each uninterruptible power supply contains control circuitry and software that controls a
system static switch and a bypass control circuitry, where the bypass control circuitry in
the uninterruptible power supply cabinet controls a first and a second electrically parallel
breakers 1) to connect to the main uninterruptible power supply via the first electrically
parallel breaker to the electrical distribution system and 2) to connect to the backup
uninterruptible power supply via the second electrically parallel breaker to the electrical
518 distribution system, via a maintenance bypass breaker

v

Figure 7B
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C Cont. >

=

The bypass control circuitry allows selection of an external AC power source
directly to the electrical distribution system; and thus, bypassing the main and
back up uninterruptible power supplies while still supplying AC power to the
electrical distribution system via electrically closing the maintenance bypass
breaker and opening the first and the second electrically parallel breakers.

520
An output of critical power from the uninterruptible power supplies is coupled to
the power distribution output panel for datacenter loads, via at least the
maintenance bypass breaker, where a Solenoid Key Release Unit (SKRU) is
configured to ensure that the main uninterruptible power supply has transferred to
bypass before the maintenance bypass breaker can be engaged to the power

522 distribution output panel

.

The integrated platform provides up to 1200 KW in critical power from the main
and backup UPSs In a floor space footprint of less than 470 square feet, which
results in open space to lease in a datacenter, and the series of electrical cabinets
each contain circuit breakers within a given electrical amperage rating range; and
thus, many circuit breakers of similar average electrical amperage ratings are
contained within the same cabinet and a neighboring cabinet has circuit breakers

524 of a different range of electrical amperage
One of the cabinets contains circuit breakers for mechanical cooling power loads

for a data center, and another cabinet contains circuit breakers for computing
596 equipment loads for the data center.

!

A weight of the integrated platform including the mounted cabinet enclosures and
the skeletal framework is heavy enough by itself to be structurally sound and not
require to be anchored to either a construction foundation or to a building’s
foundation in non-seismic zones, and the switchgear cabinets mechanically and
electrically interconnect via the electrical bus bars through the sides of the
cabinets to form the switchgear cabinet rather than connecting between the
cabinets with electrical conduits and wires routed underneath each cabinet.

228

Figure 7C End
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MODULAR POWER SKID ASSEMBLED
WITH DIFFERENT ELECTRICAL CABINETS
AND COMPONENTS MOUNTED ON THE
SKID

FIELD OF THE INVENTION

Embodiments of the invention generally relate to a critical
power distribution system.

More particularly, an aspect of an embodiment of the
invention relates to a critical power distribution system on a
modular power skid with different electrical cabinets and
components, including a built-in uninterruptible power sup-
ply, in order to provide a complete datacenter critical power
distribution package.

BACKGROUND OF THE INVENTION

The term modular has been used to describe a variety of
approaches to datacenter design. An initial commercially
available modular design was a Sun Microsystems’ con-
tainer-based product called the Black Box. Today, the term
describes products that range from shipping containers and
simple repeated designs to fully manufactured IT spaces and
mechanical, electrical, and plumbing systems built 1n facto-
ries and shipped to various sites. However, current shipping
containers, on their own, lack the ability to create a truly
interconnected facility and do not withstand weather very
well.

SUMMARY OF THE INVENTION

Methods and apparatuses for a monolithic, pre-wired, pre-
assembled, and pre-engineered integrated platform for a criti-
cal power supply and electrical distribution system that is
pre-assembled, scalable, and modular are discussed. The inte-
grated platform includes a skeletal framework that acts as an
equipment support and a cable routing support system. The
integrated platform supports the weight of two or more cabi-
net enclosures and two or more uninterruptable power sup-
plies (UPSs) mounted onto the skeletal framework. The cabi-
net enclosures include at least a main power supply nput
breaker housed 1n a first cabinet enclosure mounted to the
skeletal framework and a power distribution output panel,
housed 1n a second cabinet enclosure mounted to the skeletal
framework, to supply power to electrical loads. Main and
backup crtical power supply wiring can be laid out and

routed along the skeletal framework of the integrated plat-
form to and between at least one of the two or more of the
cabinet enclosures mounted onto the skeletal framework and
the two or more UPSs mounted onto the skeletal framework.
Electrical connections between the two or more cabinets may
be internally connected via bus bars as switchgear cabinets.
The skeletal framework of the integrated platform has top and
bottom rails run substantially parallel to each other with cross
bars connecting the top and bottom rails to form the skeletal
framework of the integrated platform. The skeletal frame-
work has a top horizontal surface to which one or more of the
cabinet enclosures 1s mounted. The skeletal framework and
the cabinet enclosures are fabricated in place prior to the
integrated platform being installed as a monolithic, pre-
wired, pre-assembled integrated platform.

Another embodiment provides a static switch included in a
main UPS 1n a third cabinet enclosure. A backup UPS housed
in a fourth cabinet enclosure 1s mounted back to back with the
main UPS 1n the third cabinet enclosure. The main and
backup UPSs are electrically connected in parallel. The static
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2

switch cabinet contains electrical equipment to ensure instan-
taneous switchover from one UPS to the other in the event of
a power failure. The third cabinet contains a maintenance
bypass switch for power when both the main UPS and the
backup UPS are electrically 1solated from the electrical loads
connected to the power distribution output cabinet mounted
on the framework of the skad.

Another embodiment provides that the main UPS and the
backup UPS are both transistor-based, as opposed to silicon
controlled rectifier-based, and have no transformer on their
output.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings refer to embodiments of the mvention 1n
which:

FIG. 1 illustrates a front view of an embodiment of pre-
wired and pre-engineered integrated platform for power sup-

ply and distribution that has two or more cabinet enclosures
and two or more uninterruptable power supplies mounted
onto the skeletal framework;

FIG. 2 1illustrates a rear view of an embodiment of the
pre-wired and pre-engineered integrated platform where its
skeletal framework acts as an equipment support structure as
well as a cable routing support system;

FIGS. 3A and 3B illustrate top down views of embodi-
ments ol the pre-wired and pre-engineered integrated plat-
form where the series of electrical cabinets each contain
circuit breakers within a given electrical amperage rating
range;

FIG. 41llustrates a single line drawing of an embodiment of
the pre-wired and pre-engineered integrated platform where
power Irom a utility power grid comes 1n through a main step
down transformer via one or more circuit breakers in a main
switchboard cabinet to power mechanical cooling power
loads for a datacenter and via additional circuit breakers to
supply power through the main and backup UPSs;

FIG. S1illustrates a single line drawing of an embodiment of
the pre-wired and pre-engineered integrated platform for A
side redundant power where one of the cabinets contains
circuit breakers for mechanical cooling power loads for a
datacenter, and another cabinet contains circuit breakers for
computing equipment loads for the datacenter;

FIG. 6 1llustrates a single line drawing of an embodiment of
main and redundant power connected in the electrical distri-
bution system of a datacenter, where the main power system
and the redundant power system each contains its own
instance of the UPSs and switch gear cabinets mounted on
their mntegrated platform; and

FIGS. 7TA-C illustrate a flow diagram of an embodiment of
constructing and operating an embodiment of an integrated
platform assembled with different electrical cabinets and
components mounted on the framework of the integrated
platform 1n order to provide a complete datacenter critical-
power distribution package.

While the invention 1s subject to various modifications and
alternative forms, specific embodiments thereof have been
shown by way of example 1n the drawings and will herein be
described 1n detail. The invention should be understood to not
be limited to the particular forms disclosed, but on the con-
trary, the itention 1s to cover all modifications, equivalents,
and alternatives falling within the spirit and scope of the
ivention.

DETAILED DISCUSSION

In the following description, numerous specific details are
set forth, such as examples of specific data signals, named
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components, connections, number of circuit breakers in a
cabinet, etc., 1n order to provide a thorough understanding of
the present invention. It will be apparent, however, to one of
ordinary skill in the art that the present invention may be
practiced without these specific details. In other instances,
well known components or methods have not been described
in detail but rather mn a block diagram in order to avoid
unnecessarily obscuring the present invention. Further spe-
cific numeric references, such as first cabinet, may be made.
However, the specific numeric reference should not be inter-
preted as a literal sequential order but rather interpreted as a
first cabinet 1s different than a second cabinet. Thus, the
specific details set forth are merely exemplary. The specific
details may be varied from and still be contemplated to be
within the spirit and scope of the present invention. The term
coupled 1s defined as meaning connected either directly to the
component or mdirectly to the component through another
component.

In general, disclosed herein are various methods and appa-
ratuses associated with a pre-wired and pre-engineered inte-
grated platform for power supply and distribution that is
pre-assembled, scalable, and modular. The skeletal frame-
work and the cabinet enclosures are fabricated 1n place prior
to the integrated platform being installed as a monolithic,
pre-wired, pre-assembled mtegrated platiorm.

FIG. 1 1llustrates a front view of an embodiment of pre-
wired and pre-engineered integrated platform for power sup-
ply and distribution that has two or more cabinet enclosures
and two or more UPSs mounted onto the skeletal framework.
The skeletal framework 40 and the cabinet enclosures 20 are
fabricated 1n place prior to the integrated platform 10 being
installed on site and all of the components are installed as a
monolithic, pre-wired, pre-assembled integrated platiorm 10.

The pre-wired and pre-engineered integrated platform 10
has a skeletal framework 40 that acts as an equipment support
structure as well as a cable routing support system. The skel-
ctal framework 40 supports the weight of two or more cabinet
enclosures 20 and two or more UPSs 30 mounted onto the
skeletal framework 40. The two or more cabinet enclosures
20 at least mnclude 1) a main power supply input breaker
housed 1n a first cabinet enclosure mounted to the skeletal
framework and 2) a power distribution output panel housed 1n
a second cabinet enclosure mounted to the skeletal frame-
work to supply to power electrical loads. Main and backup
power supply wiring 1s laid out and routed along at least a
portion of the skeletal framework 40 of the integrated plat-
form 10 to and between at least one of the two or more of the
cabinet enclosures 20 mounted onto the skeletal framework
40. Electrical connections between the two or more cabinet
enclosures 20 may be internally connected via bus bars as
switchgear cabinets.

The skeletal framework 40 of the integrated platform 10
has top and bottom rails run substantially parallel to each
other with diagonal cross bars connecting the top and bottom
rails to form the skeletal framework 40 of the integrated
platiorm 10. Some irregular patterned horizontal surfaces and
structures may be formed into the rails on top of the frame-
work to better facilitate mounting the cabinets and UPSs. The
skeletal framework 40 has a top horizontal surface to which
one or more of the cabinet enclosures 20 mount to the above-
mentioned rails.

The uninterruptible power supply (UPS) cabinets 30 are
mounted in a back to back arrangement for the main UPS in
the third cabinet enclosure and the backup UPS 1n the fourth
cabinet. The UPSs cabinets 30 are mounted on the skeletal
framework 40.
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FIG. 2 1illustrates a rear view of an embodiment of the
pre-wired and pre-engineered integrated platform 10 where
the skeletal framework 40 acts as an equipment support struc-
ture as well as a cable routing support system. Another
embodiment provides that each cabinet enclosure 20, includ-
ing the UPSs 30, are fastened and torqued to a top side of the
top horizontal surface of the skeletal framework 40.

Another embodiment provides that the rails of the skeletal
framework 40 are separated by a gap close enough to provide
mounting areas for the cabinet enclosures to mount to as well
as close enough to give structural support to the entire 1nte-
grated platform structure 10 when 1nstalled 1n place as the
monolithic, pre-wired, pre-assembled integrated platform 10
by a crane at a construction site.

FIGS. 1 and 2 show both UPSs 30 mounted 1n a back to

back arrangement and the series of electrical cabinets 20
connected side-by-side and mounted onto the structural
frame 40 of the integrated platform 10. The series of cabinet
enclosures 20 are close coupled side-by-side when mounted
onto the skeletal framework 40 of the imntegrated platform 10.
The switchgear cabinets mechanically and electrically inter-
connect via electrical bus bars through the sides of the cabinet
enclosures 20 to form the switchgear cabinet, rather than
connecting between the cabinet enclosures 20 with electrical
conduits and wires routed underneath each cabinet enclosure
20. Note, some conduits and wires may be routed on or under
the skeletal framework 40 but the bus bars are routed through
the sides of the cabinet enclosures 20.

FIGS. 3A and 3B illustrate top down views of embodi-
ments ol the pre-wired and pre-engineered integrated plat-
form 10 where the series of electrical cabinets 20 each contain
circuit breakers within a given electrical amperage rating
range. The electrical circuit breakers are separated by 1)
amperage ratings, such as 1600 amp cabinets, 3000 amp
utility or generator mput cabinets, 450 amp PDUs, or 2)
separated by functionality, into each of the seven electrical
cabinets. The grouping by amperage or functionality provides
significant advantages in costs and area needed.

To save area square footage, structurally, a standard silicon
controlled rectifier (SCR)-based uninterruptable power sup-
ply 30 has been replaced with a transistor-based uninterrupt-
able power supply 30. Intelligence 1s located 1n the uninter-
ruptable power supply 30, not 1n a central control cabinet.
Instead of having multiple dispersed switchgear sections, the
present device has a combined seven-section lineup 1ntercon-
nected internally through the sides of the cabinet enclosures
20, rather than through conduit wires. As such, the present
device also has a maintenance breaker internally, close
coupled 1n the input and output cabinets, as opposed to below
the conduit. Importantly, 1n an embodiment, a standard skid
set was reduced from a minimum footprint of one 40'x12' skad
to two 29'x8' skids. A reduced footprint allows for increased
space, which may be used for a number of purposes, such as
additional square footage available for leasing. The weight of
the integrated platform including the mounted cabinet enclo-
sures and the skeletal framework 40 1s heavy enough by 1itself
to be structurally sound and 1s not required to be anchored to
either a construction foundation or to a building’s foundation
in non-seismic zones. Thus, the mtegrated platform 10 may
be anchored or free-standing, depending on where it 1s
located seismically. The integrated platform provides up to
1200 KW 1n critical power from the main and backup UPSs 1n
a tloor space footprint of less than 470 square feet, which
results advantageously 1n more open space to lease 1n a data-
center. The size of the modules and weight of the integrated
plattorm 10 1s constrained by the need to ship skids over
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highways from the assembly facility to the job site. Typically,
the shipping packages are not to exceed 50 feet by 12 feet and
100,000 pounds.

Integrated platform 10 would be packaged and delivered as
a standardized system. The mtegrated platform 10 could be
installed either internally or externally to the datacenter’s
brick-and-mortar shell structure.

Using a modular approach, the use of an integrated plat-
torm 10 allows for a smaller square footage and less construc-
tion time, resulting in savings in time and cost. Even though
the size 1s dramatically reduced, more power 1s generated per
square foot than with previous modular power centers
because more capacity 1s configured into the aggregated unin-
terruptable power supplies 30.

In an embodiment, important improvements include pro-
viding a complete datacenter, critical-power distribution
package on an integrated platform 10. The complete data-
center, critical-power distribution package provides more
power (up to 1200 KW) 1n a smaller floor space footprint of
approximately 464 square feet. The smaller the square foot
floor space occupied by an electrical power distribution plat-
torm the better. This allows the datacenter building facility to
have more available square footage to use for other purposes,
such as leasing square footage space for computing equip-
ment to clients. The multiple transistor-based uninterruptible
power supplies 30 are used with intelligence included 1n the
packaged framework. Close coupling the 1inputs and outputs
allows a continuous switchgear lineup between input and
output switchgear sections. The transistor-based uninterrupt-
ible power supply 30 electrically and mechanically connects
into the series of electrical switch gear cabinets, all of which
are mounted onto a steel-framed support structure. The one or
more umnterruptible power supplies 30 electrically and
physically mount 1n close proximity with the series of elec-
trical switchgear cabinet enclosures 20. The grouping of a
series of electrical switchgear cabinet breakers by amperes
and functionality also has advantages. All of the components,
including cabinet enclosures 20 and skeletal framework 40,
are preassembled 1n an off-site manufacturing center. All of
these components are mounted on a steel support frame that 1s
pre-assembled 1n an offsite manufacturing center.

Two 1ntegrated platforms 10 in an arrangement may
complement each other, providing 2N redundancy to the data
hall. A second generator provides 2N generator redundancy.
This second generator could be shared with additional data
halls on the same campus as a swing generator. The redun-
dancy of the generators would then be N+1. Each integrated
platform 10 1s outlitted with provisions to provide power for
the entire mechanical system and all of the datacenter’s light-
ing and computing electrical loads. Normally, power for one-
half of the mechanical equipment 1s supplied by each inte-
grated platform 10. In an embodiment, dedicated automated
ATSs may automatically roll power to any active integrated
platiorm 10 11 power were lost.

FIGS. 4-6 detail the separate sections and connections for
the datacenter distribution package skids.

FI1G. 4 1llustrates a single line drawing of an embodiment of
the pre-wired and pre-engineered integrated platform where
power from a utility power grid comes in through a main step
down transformer via one or more circuit breakers 1n a main
switchboard cabinet to power mechanical cooling power
loads for a datacenter and via additional circuit breakers to
supply power through the main and backup UPS’s.

Another cabinet on the skid has one or more electrical
connections to the power cables of a backup AC power gen-
erator, one or more electrical connections to the signal con-
trols to the backup AC power generator to start up the AC
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6

generator 1n an emergency and monitor 1ts status, and one or
more electrical connections to the power cables of a main AC
power generator including a step down transformer con-
nected to the power lines of the electrical power grid. The
uninterruptible power supply 30 contains the control circuitry
and software that controls a system static switch and a bypass
control circuitry. The bypass control circuitry in the uninter-
ruptible power supply 30 cabinet controls first and second
clectrically parallel breakers to connect the main uninterrupt-
ible power supply 30 via the first breaker to the power distri-
bution center and to connect the backup uninterruptible
power supply 30 via the second breaker to the power distri-
bution center via the maintenance bypass breaker. The bypass
control circuitry allows selection of the external AC power
source directly to the power distribution center, thus bypass-
ing the main and backup uninterruptible power supplies 30
while still supplying AC power to the power distribution
center by electrically closing the maintenance bypass breaker
and opening the first and second electrically parallel breakers.
The major electrical distribution system components may
include one 2500-kilovolt-ampere (kVA) utility transformer,
one primary 2500-kVA rated generator, one 2500-kVA/2000-
kW standby generator, and a main and redundant power sup-
ply system for loads 1n the datacenter. The main and redun-
dant power supply systems may each contain two or more
electrical distribution cabinets including a 480-volts (V),
3000-amp (A) main distribution switchboard, two 1600-A
UPS output distribution switchboards, as well as and two
1600-A maintenance bypasses, and two 1200-kW high-effi-
ciency uninterruptible power supplies (UPS), two 1600-A
static transfer switch (STS) by passes.

Each integrated platform 10 switchboard lineup includes a
3000-A and a 1600-A UL 891-listed switchboard. Each
switchboard 1s equipped with two 3000-A, four 400-A, and
four 450-A UL 489-listed circuit breakers. All circuit break-
ers larger than 200-A are 100% duty rated. The circuit break-
ers may include zone selective interlocks (Z51s). A ZSI ties
the circuit breaker trip units together, allowing them to com-
municate in order to ensure that the circuit breaker closest to
the fault trips first. Increasing the fault 1solation capabilities
increases the datacenter’s ability to maintain operational con-
tinuity.

A first generator and a second generator provide 2N gen-
erator redundancy. The second reserve/swing generator could
be shared with additional data halls on the same campus. The
redundancy of the generators would then be N+1.

A main switchboard cabinet on the integrated platform 10
has one or more electrical connections, including a first elec-
trical connection and an associated circuit breaker to receive
power cables coming from a main generator, acting as the
backup AC power source, and a second electrical connection
and associated circuit breaker coming from a step down trans-
former connected to power lines of the utility electrical power
orid.

The power from the utility power grid comes 1n through a
main step down transformer 1n the center of FIG. 4. Power
from a utility power grid comes in through a main step down
transformer via one or more circuit breakers 1n a main switch-
board cabinet to power mechanical cooling power loads for a
datacenter and via additional circuit breakers to supply power
through the main and backup UPSs. The main and backup
UPSs’ supply critical power to computer equipment power
distribution loads for the datacenter via further circuit break-
ers 1n the power distribution output panel.

High levels of arc-flash energy in the main switchboards
became a concern when the decision was made to have the
utility provide the main 2500-kVA transiformer and the trans-
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former’s primary-side protection. Most utilities design their
protection schemes to protect the utility’s own equipment.
This typically doesn’t translate into limiting the arc-flash
energy levels on the secondary side of these large transtform-
ers. Remoting the main utility breaker outside the integrated
platform 10 allows the arc-flash energy to be contained inside
the remote switchboard. The arc-tflash energy can be signifi-
cantly reduced and the arc-flash energy protection equipment
1s connected downstream of the main step down transformer.

A main switchboard cabinet of the two or more cabinet
enclosures 20 contains a programmable logic controller to
control fault tolerance operations on the integrated platform
10. The use of dual integrated platiorms 10 facilitates the use
of dual programmable logic controllers. The ability of the
programmable logic controllers to stay 1n synchronous opera-
tion allows for a seamless transier of control between either
unit.

Each CPC has a dedicated programmable logic controller
(PLC). The programmable logic controllers are hot swap-
pable, so 1 either processor goes down, the other processor
will automatically take control. The 1I/O rack 1s located 1n the
A-CPC. There 1s no power bussing 1n the I/O section. The
switchgear can be manually operated i1 the 1/O rack 1s de-
energized for maintenance. Protocol will be provided to the
building management system at the programmable logic con-
troller gateway for each main switchboard.

Each uninterruptible power supply 30 contains the control
circuitry and software that controls a system static switch and
a bypass control circuitry. The bypass control circuitry in the
uninterruptible power supply 30 cabinet controls a first and a
second electrically parallel breaker 1) to connect the main
uninterruptible power supply via the first electrically parallel
breaker to the electrical distribution system and 2) to connect
the backup uninterruptible power supply via the second elec-
trically parallel breaker to the electrical distribution system
via a maintenance bypass breaker. The bypass control cir-
cuitry allows selection of an external AC power source
directly to the electrical distribution system; thus bypassing
the main and backup uninterruptible power supplies 30 while
still supplying AC power to the electrical distribution system
by electrically closing the maintenance bypass breaker and
opening the first and the second electrically parallel breakers.

The main switchboards are configured as main-tie-main-
tie-main. The main power has both a main and a backup
uninterruptable power supply. The redundant power has both
a main and a backup uninterruptable power supply. A main
switchboard cabinet also includes one or more programmable
logic controllers to control an operation of switches, includ-
ing a first switch configured to select either 1) a main AC
power source from a utility electrical power grnid or 2) a
backup AC power source to supply electrical power through
the main and backup UPSs to loads in a datacenter. A second
switch, when activated, 1solates the main and backup UPSs to
allow the main UPS to recerve AC power from only the main
or backup AC power source and similarly 1solates the backup
UPS to recerve AC power from only the main or backup AC
power source.

The sequence of operation of the total system 1s controlled
automatically through deployment of redundant program-
mable logic controller control units 1nstalled 1n each of the
3000-A main switchboards. Should the primary standby gen-
erator fail to come online after loss of the utility source, the
optional swing generator will pick up the critical loads of the
system. Fach generator may be provided with a weather-
protective enclosure.

The main switchboard has lug landings 1n order to manu-
ally connect the main power side to the redundant power side.
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The main switchboard has integrated revenue-grade power-
quality metering. One of the cabinet enclosures 20, such as
the main switchboard, contains circuit breakers for mechani-
cally cooling power loads for a datacenter and another cabinet
enclosure 20 contains circuit breakers for computing equip-
ment loads for the datacenter.

The circuit breakers in the cabinet enclosures 20 may have
zone selective iterlocks (ZSIs). The ZSIs tie the circuit
breakers’ trip units together, allowing them to communicate
in order to ensure that a given circuit breaker closest to a fault
trips. Increasing the fault 1solation capabailities increases the
datacenter’s ability to maintain operational continuity. A
logic controller 1s located 1n the first cabinet to govern the
zone selective interlocks.

Each mtegrated platform 10 1s outfitted with provisions to
provide power for the entire mechanical system. Normally,
power for one-half of the mechanical equipment 1s supplied
by each integrated platform 10. Based on the equipment listed
in the single line diagram, at least two integrated platforms 10
would be utilized 1n a datacenter.

FIG. S1llustrates a single line drawing of an embodiment of
the pre-wired and pre-engineered integrated platform for
A-side redundant power where one of the cabinets contains
circuit breakers for mechanically cooling power loads for a
datacenter and another cabinet contains circuit breakers for
computing equipment loads for the datacenter.

The two uninterruptible power supplies 30 connect via
circuit breakers to the mainly mechanical cooling power
loads for the datacenter on the right-hand side of the dotted
lines. The two uninterruptible power supplies connect via
circuit breakers to the mainly computer equipment power
distribution loads for the datacenter on the left-hand side.

An embodiment provides a static switch included in a main
uninterruptible power supply in the third cabinet enclosure
and another static switch included 1n a backup uminterruptible
power supply housed 1n a fourth cabinet enclosure. The main
and backup UPS are electrically connected in parallel and the
static switch 1s configured to ensure an instantaneous
switchover from one UPS supply to the other in the event of
a power failure of one of the UPSs. The power distribution
output cabinet contains a maintenance bypass switch for
power when both the main UPS and the backup UPS are
clectrically 1solated from the electrical loads connected to the
power distribution output cabinet.

The output of critical power from the uninterruptible power
supplies 30 module 1s coupled to the power distribution out-
put panel for datacenter loads, via at least a maintenance
bypass breaker. A Solenoid Key Release Umt (SKRU) 1s
configured to ensure that the main uminterruptible power sup-
ply has transferred to bypass before the maintenance bypass
breaker can be engaged to the power distribution output
panel. This will be a closed transition transier so that critical
load power will not be lost. Critical power to the I'T load will
be provided by eight 300-kVA PDUSs installed 1n an alternat-
ing A/B arrangement 1n the data hall to provide 208/120-V
power to either overhead busway or remote power panels.
Each PDU has a 300-kVA K-13 rated transformer and six
225-A breakers. Additionally, each PDU has six integrated
revenue-grade power-monitoring meters.

Another embodiment provides that the main UPS and the
backup UPS are both transistor-based and have no trans-
former on their output. These transistor-based uminterruptible
power supplies electrically and mechanically connect into the
series of electrical switchgear cabinets, all of which are
mounted onto the framework of the integrated platform.

Each integrated platform 10 switchboard lineup includes a

3000-A and a 1600-A UL 891-listed switchboard. Each
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switchboard 1s equipped with two 3000-A, four 400-A, and
four 450-A UL 489-l1sted circuit breakers. All circuit break-
ers larger than 200-A are 100% duty rated. The circuit break-
ers may feature zone selective iterlocks (ZSIs). A ZSI ties
the circuit breaker trip units together, allowing them to com-
municate 1n order to ensure that the circuit breaker closest to
the fault trips first. Increasing the fault 1solation capabilities
increases the datacenter’s ability to maintain operational con-
tinuity.

The main switchboards are configured as main-tie-main-
tiec-main. Each CPC has a dedicated programmable logic
controller (PLC). The programmable logic controllers are hot
swappable, so 1t either processor goes down, the other pro-
cessor will automatically take control.

The switchgear can be manually operated 11 the I/O rack 1s
de-energized for maintenance. Protocol will be provided to
the building management system at the programmable logic
controller gateway for each main switchboard. The main
switchgear has integrated revenue-grade power-quality
metering.

Each side of the redundant power system features a 1.2-
MW uninterruptible power supply 30. Each uminterruptible
power supply 30 has a dedicated external 1600-A continuous-
duty-rated static bypass switch. Power to the two uninterrupt-
ible power supply 30 systems 1s delivered from two separate
A/B switchboards. Each switchboard 1s able to support the
entire datacenter. The two tie breakers operate in the normally
closed position. Power for the data hall will be derived from
two 1dentical integrated platiorm 10 modules, each of which
1s Tactory-assembled prior to on-site delivery.

Significant developments 1n the design process include the
division of the electrical distribution system into two com-
pletely separate modular power centers, a second generator to
provide N+1 redundancy, provisions for ‘A side’ and ‘B side’
mechanical feeders, integration of the main and output
switchboards, integration of the maintenance bypass (MBP)
breaker into the new contiguous switchboard lineup, intro-
duction of dual-programmable logic controllers (PLCs), and
introduction of a remote main utility circuit breaker.

FIG. 6 1llustrates a single line drawing of an embodiment of
main and redundant power connected 1n the electrical distri-
bution system of a datacenter. The main power system and the
redundant power system each contain their own 1nstance of
the UPSs and switch gear cabinets mounted on an integrated
platform 10. The single line diagram 1n FIG. 6 shows two
complete datacenter distribution package skids to supply
A-side redundant power 100 and B-side redundant power
200. Each integrated platform 10 has 1ts series of electrical
cabinets with two uninterruptible power supplies 30. In gen-
eral, each cabinet enclosure 20 that 1s part of one of the two
integrated platforms 10 1s indicated by dotted line. The main
and swing generator and the grid step down transformer are 1n
their own cabinet enclosures separate from the integrated
platforms. The main A-side and redundant B-side power are
connected 1n the electrical distribution system of the data-
center to support two sets of power supplied to each important
or critical load. The main A-side power system includes the
UPSs and switchgear cabinets mounted on the integrated
platform 10. The redundant B-side power system includes the
UPSs and switchgear cabinets mounted on another integrated
platform 10. The mtegrated platforms 10 1n this arrangement
complement each other, providing 2N redundancy to the data
hall’s electrical computing loads and mechanical loads of the
datacenter.

FIGS. 7A-Cillustrate a flow diagram of an embodiment of
constructing and operating an embodiment of an integrated
platform assembled with different electrical cabinets and
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components mounted on the framework of the integrated
platform 1n order to provide a complete datacenter critical-
power distribution package. Steps 502-528 show an example
embodiment, to which many varnations and changes may be
made as discussed herein. Also, the steps, where logically
possible, may be performed out of the listed order.

The datacenter industry 1s beginning to realize the benefits
of the early industrial revolution. Standardized modular
power center designs provide some of the same benefits to
design and construction personnel. Instead of hand-building
custom electrical systems for each datacenter, the modular
approach allows for greater deployment speed, improved
quality and lower costs, all achieved by using factory-based
labor. The use of modules also relieves labor stacking on the
10b site, while reducing the overall cost of the work by a
significant amount. Cost savings can be attained using factory
labor. Modularizing datacenter components permits control
over cost, quality, and schedule.

In one embodiment, the software used to facilitate the
algorithms discussed herein can be embodied onto a non-
transitory machine-readable medium. A machine-readable
medium 1includes any mechanism that stores information in a
form readable by a machine (e.g., a computer). For example,
a machine-readable medium includes read only memory
(ROM); random access memory (RAM); magnetic disk stor-
age media; optical storage media; flash memory devices;
Digital VideoDisc (DVD’s), EPROMs, EEPROMs, FLASH
memory, magnetic or optical cards, or any type of media
suitable for storing electronic istructions.

It should be borne 1n mind, however, that all of these and
similar terms are to be associated with the appropriate physi-
cal quantities and are merely convenient labels applied to
these quantities. Unless specifically stated otherwise as
apparent from the above discussions, 1t 1s appreciated that
throughout the description, discussions utilizing terms such
as “processing’ or “computing’ or “calculating” or “deter-
mining” or “displaying” or the like, refer to the action and
processes of a computer system, or similar electronic com-
puting device, that manipulates and transforms data repre-
sented as physical (electronic) quantities within the computer
system’s registers and memories into other data similarly
represented as physical quantities within the computer sys-
tem memories or registers, or other such information storage,
transmission or display devices.

While some specific embodiments of the mvention have
been shown the invention 1s not to be limited to these embodi-
ments. For example, most functions performed by electronic
hardware components may be duplicated by software emula-
tion. Thus, a soitware program written to accomplish those
same functions may emulate the functionality of the hardware
components 1n iput-output circuitry. The mvention 1s to be
understood as not limited by the specific embodiments
described herein, but only by scope of the appended claims.

What 1s claimed 1s:

1. A monolithic, pre-wired, pre-engineered, and pre-as-
sembled integrated platform for a critical power supply and
clectrical distribution system that 1s pre-assembled, scalable,
and modular, comprising;:

a skeletal framework of the integrated platform that acts as
an equipment support structure as well as a cable routing
support system;

wherein the skeletal framework supports a weight of two or
more cabinet enclosures and two or more uninterrupt-
able power supplies (UPSs) mounted onto the skeletal
framework that includes a main power supply 1nput
breaker housed 1n a first cabinet enclosure mounted to
the skeletal framework, and a power distribution output
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panel, housed 1n a second cabinet enclosure mounted to
the skeletal framework, to supply power to electrical
loads, where main and backup power supply wiring is
laid out and routed along the skeletal framework of the
integrated platform to and between at least one of the
two or more of the cabinet enclosures mounted onto the
skeletal framework and the two or more UPSs mounted
onto the skeletal framework, where electrical connec-
tions between the two or more cabinets are internally
connected via bus bars as switchgear cabinets, wherein
the skeletal framework of the integrated platform has top
and bottom rails run substantially parallel to each other
with cross bars connecting the top and bottom rails to
form the skeletal framework of the integrated platiorm,
the skeletal framework having a top horizontal surface to
which one or more of the cabinet enclosures mount to,
wherein the skeletal framework and the cabinet enclo-
sures are fabricated in place prior to the integrated plat-
form being installed as the monolithic, pre-wired, pre-
assembled integrated platform.

2. The integrated platform of claim 1, turther comprising:

a static switch included 1n a main uninterruptible power

supply (UPS) 1n a third cabinet enclosure, a backup
unmnterruptible power supply (UPS) housed 1n a fourth
cabinet enclosure that 1s mounted back to back with the
main uninterruptible power supply (UPS) 1n the third
cabinet enclosure, and the main and backup UPS are
clectrically connected 1n parallel and a static switch
cabinet contains electrical equipment to ensure instan-
taneous switchover from one UPS to the other 1n an
event of a power failure of the one UPS, as well as the
second cabinet contains a maintenance bypass switch
for power when both the main UPS and the backup UPS
are electrically 1solated from the electrical loads con-
nected to the power distribution output panel.

3. The integrated platform of claim 2, wherein the main
UPS and the backup UPS are both transistor-based and have
no transformer on their output, and these transistor-based
uninterruptible power supplies electrically and mechanically
connect into the series of electrical switch gear cabinets, all of
which are mounted onto the framework of the integrated
platiorm.

4. The integrated platform of claim 2, wherein the inte-
grated platform provides up to 1200 KW 1n critical power
from the main and backup UPSs 1n a floor space footprint of
less than 470 square feet, which results 1n open space to lease
in a datacenter, and the series of electrical cabinets each
contain circuit breakers within a given electrical amperage
rating range; and thus, many circuit breakers of similar aver-
age electrical amperage ratings are contained within the same
cabinet and a neighboring cabinet has circuit breakers of a
different range of electrical amperage.

5. The integrated platform of claim 2, wherein the rails of
the skeletal framework are separated by a gap close enough to
provide mounting areas for the cabinet enclosures to mount to
as well as close enough to give structural support to the entire
integrated platform structure when installed in place as the
monolithic, pre-wired, pre-assembled integrated platform by
a crane at a construction site, where main and redundant
power are connected in the electrical distribution system of a
datacenter, the main power system contains the UPSs and
switch gear cabinets mounted on the integrated platform, and
power rom a utility power grid comes in through a main step
down transformer via one or more circuit breakers in a main
switchboard cabinet to power mechanical cooling power
loads for the datacenter and via additional circuit breakers to
supply power through the main and backup UPS’s, and the
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main and backup UPS’s supply critical power to computer
equipment power distribution loads for the datacenter via
turther circuit breakers in the power distribution output panel.

6. The itegrated platform of claim 5, where lug landings
exist 1n the main switchboard cabinet 1n order to manually
connect a main power side to a redundant power side.

7. The mtegrated platform of claim 2, wherein a main
switchboard cabinet further comprises:

one or more programmable logic controllers to control an

operation of switches, including,

a first switch configured to select either 1) amain AC power

source from a utility electrical power grid or 2) a backup
AC power source, to supply electrical power through the
main and backup UPSs to loads 1n a datacenter, and

a second switch configured that when activated 1solates the

main and backup UPSs to allow the main UPS to receive
AC power from only the main or backup AC power
source and similarly 1solates the backup UPS to receive
AC power from only the main or backup AC power
source.

8. The integrated platform of claim 7, wherein the main
switchboard cabinet on the platform has one or more electri-
cal connections, mncluding a first electrical connection and
associated circuit breaker to recerve power cables coming
from a main generator acting as the backup AC power source
and a second electrical connection and associated circuit
breaker coming from a step down transiformer connected to
power lines of the utility electrical power grid.

9. The integrated platform of claim 2, where each uninter-
ruptible power supply contains control circuitry and software
that controls a system static switch and a bypass control
circuitry, where the bypass control circuitry in the uninter-
ruptible power supply cabinets control a first and a second
clectrically parallel breakers 1) to connect to the main unin-
terruptible power supply via the first electrically parallel
breaker to the electrical distribution system and 2) to connect
to the backup uninterruptible power supply via the second
clectrically parallel breaker to the electrical distribution sys-
tem, via the maintenance bypass switch, and where the
bypass control circuitry allows selection of an external AC
power source directly to the electrical distribution system;
and thus, bypassing the main and backup uninterruptible
power supplies while still supplying AC power to the electri-
cal distribution system wvia electrically closing the mainte-
nance bypass breaker and opening the first and the second
clectrically parallel breakers.

10. The integrated platform of claim 1, where one of the
cabinets contains circuit breakers for mechanical cooling
power loads for a datacenter, and another cabinet contains

circuit breakers for computing equipment loads for the data-
center.

11. The integrated platform of claim 10, where the circuit
breakers 1n the cabinets have zone selective interlocks (ZSIs),
where the ZSIs tie the circuit breaker’s trip units together,
allowing them to communicate in order to ensure that a given
circuit breaker closest to a fault trips first, and a logic con-
troller located 1n the first cabinet 1s configured to govern the
zone selective mterlocks.

12. The integrated platform of claim 1, wherein a weight of
the mtegrated platiorm including the mounted cabinet enclo-
sures and the skeletal framework 1s heavy enough by 1tself to
be structurally sound and not require to be anchored to either
a construction foundation or to a building’s foundation 1n
non-seismic zones, and the switchgear cabinets mechanically
and electrically interconnect via the electrical bus bars
through the sides of the cabinets to form the switchgear cabi-
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nets rather than connecting between the cabinets with elec-
trical conduits and wires routed underneath each cabinet.

13. The integrated platform of claim 2, where an output of
critical power from the uninterruptible power supplies is
coupled to the power distribution output panel for datacenter
loads, via at least a maintenance bypass breaker, where a
Solenoid Key Release Unit 1s configured to ensure that the
main uninterruptible power supply has transierred to bypass
betfore the maintenance bypass breaker can be engaged to the
power distribution output panel.

14. The integrated platiorm of claim 1, where a main
switchboard cabinet of the two or more cabinets contains a
programmable logic controller to control fault tolerance
operations on the integrated platform.

15. A method for an integrated platform assembled with
different electrical cabinets and components mounted on
framework of the platform 1n order to provide a complete
datacenter critical power distribution package, comprising:

constructing a monolithic, pre-wired, pre-engineered, and

pre-assembled integrated platform for a critical power
supply and electrical distribution system;

using a skeletal framework of the integrated platiform to act

as an equipment support structure as well as a cable
routing support system;

supporting a weight of two or more cabinet enclosures and

two or more uninterruptable power supplies (UPSs)
mounted onto the skeletal framework that includes a
main power supply imput breaker housed 1n a first cabi-
net enclosure mounted to the skeletal framework, and a
power distribution output panel, housed 1 a second
cabinet enclosure mounted to the skeletal framework, to
supply power to electrical loads, where a main and
backup UPSs are also mounted onto the skeletal frame-
work, where electrical connections between the two or
more cabinets are internally connected via bus bars as
switchgear cabinets, wherein the skeletal framework of
the integrated platform has top and bottom rails run
substantially parallel to each other with cross bars con-
necting the top and bottom rails to form the skeletal
framework of the integrated platform, the skeletal
framework having a top horizontal surface to which one
or more of the cabinet enclosures mount to, wherein the
skeletal framework and the cabinet enclosures are fab-
ricated in place prior to the integrated platform being
installed as the monolithic, pre-wired, pre-assembled
integrated platform; and
where the main and backup UPSs are electrically con-
nected 1n parallel and a static switch cabinet contains
clectrical equipment to ensure instantaneous switchover
from one UPS to the other 1n an event of a power failure

of the one UPS, as well as the second cabinet contains a

maintenance bypass switch that routes power to electri-

cal loads connected to the power distribution output
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panel when both the main UPS and the backup UPS are
clectrically 1solated from the power distribution output
panel.

16. The method of claim 15, wherein the main UPS and the
backup UPS are both transistor-based and have no trans-
former on their output, and these transistor-based uninterrupt-
ible power supplies electrically and mechanically connect
into the series of electrical switch gear cabinets, all of which
are mounted onto the framework of the integrated platform.

17. The method of claim 15, wherein power from a utility
power grid comes 1n through a main step down transformer
via one or more circuit breakers in a main switchboard cabinet

to power mechanical cooling power loads for the datacenter
and via additional circuit breakers to supply power through
the main and backup UPS’s, and the main and backup UPS’s
supply critical power to computer equipment power distribu-
tion loads for the datacenter via further circuit breakers in the
power distribution output panel.

18. The method of claim 17, wherein the main switchboard
cabinet on the platform has one or more electrical connec-
tions, mcluding a first electrical connection and associated
circuit breaker to receive power cables coming from a main
generator acting as the backup AC power source and a second
clectrical connection and associated circuit breaker coming
from the step down transformer connected to power lines of
the utility electrical power grid.

19. The method of claim 18, wherein each uninterruptible
power supply contains control circuitry and soitware that
controls the static switch and a bypass control circuitry, where
the bypass control circuitry 1n the uninterruptible power sup-
ply cabinets controls a first and a second electrically parallel
breakers 1) to connect to the main uninterruptible power
supply via the first electrically parallel breaker to the electri-
cal distribution system and 2) to connect to the backup unin-
terruptible power supply via the second electrically parallel
breaker to the electrical distribution system, via a mainte-
nance bypass breaker, and where the bypass control circuitry
allows selection of an external AC power source directly to
the electrical distribution system; and thus, bypassing the
main and backup umnterruptible power supplies while still
supplying AC power to the electrical distribution system via
clectrically closing the maintenance bypass breaker and
opening the first and the second electrically parallel breakers.

20. The method of claim 17, wherein an output of the
critical power from the uninterruptible power supplies is
coupled to the power distribution output panel for datacenter
loads, via at least the maintenance bypass breaker, where a
Solenoid Key Release Unit 1s configured to ensure that the
main uninterruptible power supply has transferred to bypass
betore the maintenance bypass breaker can be engaged to the
power distribution output panel.
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